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The U.S. population has not incorporated enough whole grains and soluble fiber into their diet to meet the recommended consumption of at least 3-oz equivalents/day for whole grains (Dietary Guidelines 2005) and 25 g of total dietary fiber, of which 6 g should be soluble fiber (FDA and DHHS 2005) . USDA Dietary Guidelines for Americans (2005) recommend that at least half of the daily intake of grain should be from whole grains. Incorporating whole grain barley into food products can serve as a solution to increasing whole grain intake, which may help reduce the risk of heart disease, type-2 diabetes, and certain cancers and help with weight maintenance (Dietary Guidelines 2005) .
Whole grains differ from refined grains in the amount of vitamins, minerals, fiber, and other protective substances that they provide. Also, different whole grains differ in nutrient content (Kantor et al 2001) . The inclusion of a whole grain containing β-glucan-soluble fiber would also increase the amount of soluble fiber to help meet dietary recommendations. Whole grain barley has distinctive nutritional properties that include soluble and insoluble fiber. The soluble fiber in barley ranges from 4% (Rieckhoff et al 1999) to 12% (Arndt 2006) of the kernel weight and is primarily β-glucan, the viscous, cholesterol-lowering fiber also found in oats.
Incorporation of whole barley flour into tortillas is an approach to delivering whole grains and soluble fiber into the American diet, especially among Hispanics, who are the fastest growing minority in the U.S. According to the U.S. Census Bureau, the Hispanic population in 2005 was well over 42 million (www.census.gov/). In most parts of Mexico, flour tortillas are more popular than corn tortillas (Serna-Saldivar et al 1988) . The Tortilla Industry Association reported tortillas as the second most popular bread type in America, with Americans consuming ≈85 billion tortillas in 2000 (www.tortilla-info.com). Tortilla consumption is increasing in both Hispanic and non-Hispanic consumers.
Serna-Saldivar et al (1988) found that increasing the amount of fiber in flour tortillas decreases the product quality and consumer acceptance. Friend et al (1992) evaluated the sensory properties of tortillas using an untrained sensory panel. They found that the color of control tortillas (containing 0% whole white wheat flour) were similar to the tortillas made with 50% whole white wheat flour, but were significantly more preferred than the color of tortillas containing 50% whole red wheat flour. In terms of texture, the 100% whole wheat tortillas were less preferred than tortillas made with 0 or 50% whole wheat flour. Adding fiber by means of whole wheat flour affected dough processing and tortilla quality, but improved the nutritional properties of the tortilla (Friend et al 1992) . The nutritional quality and sensory properties of tortillas can be optimized by determining the maximum fiber content through not only instrumental testing, but also by sensory testing to gauge consumer acceptability.
There is a growing interest in cross-cultural research on food perception and preference to better understand specificities of individual cultures (Mialon et al 2002) . Evaluation of consumer preferences related to demographic and behavioral data can facilitate the identification of potential market opportunities. Market share can be maximized by understanding what sensory properties drive consumer liking. According to Thybo et al (2003) , preference data are to be interpreted through sensory, instrumental, demographic, and behavioral analyses. Attainment of reliable information needs to be based on statistical methods yielding observable patterns that point to differences among products, as well as possible segmentations among the consumers (Martens and Martens 2001; Thybo et al 2003) . Therefore, in developing a new product, preference mapping can be helpful in two ways. First, it can be used to verify that a prototype product is acceptable, and second, it will help the product fall into the correct market segment (Helgesen et al 1997) . Consumer data is used in internal preference mapping to determine consumer preference patterns. On the other hand, in external preference mapping, consumer preference data is used in conjunction with sensory information or instrumental data (Santa Cruz et al 2003) . Meullenet et al (2002) determined overall preferences for tortilla chips as well as specific sensory characteristics in tortilla chips that were presently on the market. Internal preference mapping showed that flavor was the most important attribute to consumer overall acceptance followed by texture and appearance. Cho et al (2005) used descriptive analysis and consumer sensory testing on canned tea products to understand the sensory attributes that drive consumer liking. The study also determined the effects of consumer age and product information on the acceptance of certain types of tea products. For the study, 500 tea drinkers were divided into five age groups and each age group was subdivided into two groups that tasted 10 canned tea samples, with or without accompanying information about each sample. Preference mapping was used to better understand the main sensory characteristics that drive consumer liking. Interestingly, when the information was presented along with the tea, acceptance leaned toward teas that were marketed for health benefits such as bitter/astringent tasting tea products, whereas, when the information was not provided, a majority of consumers preferred the lemon-flavored black tea. Kälviäinen et al (2002) used a trained sensory panel and three consumer groups (young adults, adults, and elderly) to rate six experimental and two commercial muesli oat flakes. Results showed that texture was comparatively more important to the elderly because they preferred muesli oat flakes that did not adhere to their teeth and needed little mastication. Different types of muesli oat flakes appealed to different consumer segments.
In a study conducted by Kihlberg and Risvik (2007) , market segmentation among organic consumers was conducted by using both a questionnaire and sensory data on breads scored for liking. The test subjects were split into two age groups: up to and including 30 years and more than 30 years of age. Results showed the majority of consumers in both age groups preferred the flavor of the organic bread compared with the conventional bread. However, ≈50% in both age groups stated that they would not buy an organic food product if the prices were much higher than the conventional food product.
Principal component analysis (PCA), a type of multivariate preference mapping, is another method used by researchers to investigate relationships among sensory and demographic or preference data. According to Rosentrater et al (1999) , an advantage of principal component analysis is the ability to easily identify outliers through the examination of the scatterplots of the calculated principal component scores. Correlational structure, clustering, skewness, and outliers in a data set can be easily assessed (Rosentrater 2004) .
The objectives of this study were to 1) investigate the effect of whole barley flour particle size on consumer acceptance of whole grain, soluble fiber-enriched tortillas; 2) examine the effect of demographic information, preference, and attitudes toward fiberenriched and low-fat tortillas on consumer acceptance; 3) identify niche markets and market opportunities among particular groups of consumers based on the relationships between consumer acceptance and survey results; and 4) explore mathematical models to help predict consumer acceptance of sensory attributes (internal mapping) and demographic or preference data (external mapping) to help streamline product development. To our knowledge, no similar study has been published to-date.
MATERIALS AND METHODS

Materials
Milled Prowashonupana whole barley flour (Sustagrain, ConAgra Foods, Omaha, NE) containing 12% minimum β-glucan soluble fiber, and 30% minimum TDF was used in this study. All other ingredients were purchased from a local grocery store.
Tortillas were made with four different flour blends of 84% (flour basis) refined wheat (bread) flour and 16% (flour basis) whole barley flour (WBF). Each whole barley flour had a different particle size distribution, while the bread flour particle size distribution remained constant. Average particle sizes for control (C) bread flour, regular (R), intermediate (I), and microground (MG) whole barley flours were 72, 237, 131, and 68 μm, respectively. Average particle sizes for corresponding blends were 97, 81, and 72 μm, respectively.
Tortilla Preparation
The formula and procedure for tortilla making was based on the methods published by Mao and Flores (2001) and Bello et al (1991) with some modifications (unpublished data). See Table I for the formulation used. All dry ingredients, including bread flour, whole barley flour (Sustagrain), baking powder (Clabber Girl, Terre Haute, IN), and salt (Morton Iodized Salt, Chicago, IL), were mixed in a mixer (K45SS, Kitchen Aid, St. Joseph, MI) at speed 1 for 30 sec. Canola oil (Stater Brother's canola oil, Colton, CA) and water (25 ± 2°C) were added and the doughs were mixed to full development for 2 min at speed 2 and another 1 min at speed 4. The absorption was directly proportional to the amount of β-glucan present in the flour blend. The dough was allowed to rest in a plastic covered mixing bowl at 25°C for 5 min. Afterwards, the dough was portioned into 73-g pieces and flattened for 10 sec using a dough press (DP2000, Doughpro Proprocess Corporation, Paramount, CA) with a top plate temperature of 72.2°C and then turned over and pressed for another 10 sec. Tortillas were cooked on a cast iron pan at 232.2 ± 2.8°C for 10 sec, turned over for 30 sec, and lastly turned over for 20 sec, giving each side a total of 30 sec of cooking time.
Cooked tortillas were allowed to cool to room temperature. The cooled tortillas were stored in double resealable plastic bags and held for 24 hr before testing and sensory evaluation. During sensory evaluation, only a wedge of the tortilla was fed to panelists rather than the whole tortilla to avoid satiety before the conclusion of the experiment.
Barley tortillas prepared for this experiment weighed 66 g. However, nutrition composition data presented in Table II for the experimental tortillas and two commercial products are based on the Reference Amount Customarily Consumed (RACC) for tortillas of 55 g. Based on 55 g, experimental tortillas contained 148 calories, 7.9 g of whole grains, 2.8 g of total dietary fiber (TDF), 1.5 g of β-glucan soluble fiber, 3.3 g of total fat, <1 g of saturated fat, and 0 g of cholesterol. One commercial tortillas was low-fat, low-carb, and high-fiber (LF/LC/HF) and one was a handmade flour tortilla (HM). Based on 55 g, the LF/LC/HF tortilla contained 157 calories, no whole grains, 16 g of TDF, no soluble fiber, 4 g of total fat, 0 g of saturated fat, and 0 g of cholesterol. Tortilla label information on the HM product indicated that the tortillas were handmade and contained 179 calories, no whole grain, no soluble fiber, 6 g of total fat, 1 g of saturated fat, and 0 g of cholesterol.
Demographic and Behavioral Data
Demographic data and consumer attitude toward tortillas and fiber were collected during sample evaluation (Table III) . Ninetyfive untrained panelists including students, faculty, and staff from Cal Poly Pomona participated in this survey. This survey was conducted to identify niche markets for these functional tortillas and to better understand the nutritional education level in the university population.
Panelists reported their age, gender, and ethnicity. They also answered other questions such as how often they consumed tortillas, if they made a daily effort to include fiber in their diet, if they consumed tortillas that contain ≥1 g of dietary fiber/serving, and if they consumed low-fat tortillas.
Sensory Evaluation
The same panel that participated in the survey evaluated six randomly presented tortilla samples for overall acceptability (OA), appearance (A), color (C), flavor (F), and texture (T) using a 9-point hedonic scale. Products tested included four experimental tortillas: control (C), regular (R), intermediate (I), and microground (MG); and two commercial flour tortillas: a low-fat, low-carb, highfiber tortilla (LF/LC/HF) and a handmade flour tortilla (HM).
Statistical Analyses
All data was analyzed using a generalized linear model (v.9.1, SAS Institute, Cary, NC). The least significant difference (LSD) was conducted at the 95% confidence interval.
Relationships between all collected data were then examined using Microsoft Excel 2003, SAS v.8.0 , Minitab v.14.11 (State College, PA), and TableCurve 3D v.4.0 (San Jose, CA) software. These analyses included linear regression, multiple polynomial regression, principal component analysis, and partial least squares regression analysis. Table III gives details of the survey results. Among the 95 participants, 86% were 18-40 years of age. Fifty-four percent (54%) of the participants were male. The population was diverse and balanced, including 33% whites, 29% Hispanics, 34% Asians, and 4% people of other ethnicities. Fifty-nine percent (59%) of panelists reported consuming tortillas at least once a week, and 23% at least once a month. The remaining 18% included four panelists who consumed tortillas 3-4 times per week, four panelists who consumed tortillas twice a month, and seven panelists who rarely consumed tortillas. Fifty-seven percent (57%) of the respondents reported making a daily effort to include fiber in their diet, however, when asked about consuming tortillas with >1 g of fiber per serving, 84% panelists either did not make an effort to consume tortillas with fiber or did not know. Seventy-six percent (76%) of participants indicated they do not seek or knowingly consume low-fat tortillas. Fifty-three percent (53%) of the panelists reported consuming Mission brand tortillas, 31% consumed multiple brands, and the remainder were not sure. The last survey question asked for the particular tortillas consumed by the panelists; 61% indicated flour tortillas, 24% indicated corn and flour tortillas, and 15% consumed both whole wheat and flour tortillas, which corresponds to 16% of panelists consuming tortillas with ≥1 g of fiber/serving.
RESULTS AND DISCUSSION
Survey Results
Treatment-by-Survey Interactions
Overall results (Figs. 1-7) show that HM tortillas received the highest score (7-8.5), followed by LF/LC/HF tortillas (6-8.5), the control (6-7), and WBF tortillas (4-7). In some cases, and for some interactions of attributes and demographic or preference questions, panelists reported similarities among one or more WBF tortillas and either one or both commercial products.
Effect of age. Results for age-by-treatment interaction (Fig. 1 ) showed that the younger group (86%) rated commercial tortillas higher than the WBF tortillas in most parameters evaluated. They also found no differences among the WBF tortillas (5.6). However, the 41+ adults (14%) rated one or more WBF tortillas similar to one or both of the commercial products. In other studies involving bread, tea products, and muesli oat flakes, age was also a factor affecting acceptance (Kälviäinen et al 2002; Cho et al 2005; Kihlberg and Risvik 2007) .
Effect of gender. Males (57%) scored HM highest and both commercial products higher than the WBF tortillas in most parameters evaluated (Fig. 2) and also found no differences among WBF tortillas. Compared with males, females (46%) gave higher overall scores in most attributes tested. Studies showed that females were more highly accepting of functional foods than males (Childs and Poryzees 1997; Gilbert 1997) . The primarily household role of females in food purchasing is important to consider. Lockie et al (2004) reported the selection of organics was strongly affected by gender and food purchasing role in the household. Fig. 1 . Effect of age on appearance, color, flavor, texture, and overall acceptability (A-E) of experimental tortillas made with whole barley flour of different particle size and commercial tortillas. Control (C), regular (R), intermediate (I), and microground (MG). Commercial products included a low-fat, low-carb, high-fiber tortilla (LF/LC/HF) and a handmade tortilla (HM). Hedonic scores for the same tortilla type but different age with the same letter (xyz) are not significantly different (P > 0.05). Hedonic scores for the same age but different tortilla type with the same letter (abc) are not significantly different (P > 0.05). Lines above bars reflect individual standard deviation values. Fig. 3 . Effect of ethnicity on appearance, color, flavor, texture, and overall acceptability (A-E) of experimental tortillas made with whole barley flour of different particle size and commercial tortillas. Explanation of features is given in Fig. 1.   Fig. 2 . Effect of gender on appearance, color, flavor, texture, and overall acceptability (A-E) of experimental tortillas made with whole barley flour of different particle size and commercial tortillas. Explanation of features is given in Fig. 1 . (Fig. 3) showed whites (33%) giving one or more WBF tortillas lower scores than Hispanics (29%) and Asians (34%). All ethnic groups scored WBF tortillas the same for most parameters tested, while giving either one or both commercial products higher scores. (Fig. 4) , overall panelists in all groups rated HM and LF/LC/ HF tortillas highest. The most frequent consumers (once-a-day and once-a-week) rated some WBF tortillas the same as commercial products for most parameters. Fig. 4 . Effect of frequency of tortilla consumption on appearance, color, flavor, texture, and overall acceptability (A-E) of experimental tortillas made with whole barley flour of different particle size and commercial tortillas. Explanation of features is given in Fig. 1.   Fig. 5 . Effect of daily effort to consume fiber on appearance, color, flavor, texture, and overall acceptability (A-E) of experimental tortillas made with whole barley flour of different particle size and commercial tortillas. Explanation of features is given in Fig. 1.   Fig. 7 . Effect of consumption of low-fat tortillas on appearance, color, flavor, texture, and overall acceptability (A-E) of experimental tortillas made with whole barley flour of different particle size and commercial tortillas. Explanation of features is given in Fig. 1.   Fig. 6 . Effect of consumption of dietary fiber on appearance, color, flavor, texture, and overall acceptability (A-E) of experimental tortillas made with whole barley flour of different particle size and commercial tortillas. Explanation of features is given in Fig. 1 .
Effect of ethnicity. Ethnicity-by-treatment interaction
Effect of frequency of eating tortillas. For the frequency-bytreatment interaction
Effect of daily effort to include fiber in the diet.
Results for the frequency-by-treatment interaction (Fig. 5) showed both that panelists making a daily effort to consume fiber (57%) and panelists who did not (43%) scored either HM highest (7-8) or gave both commercial products the highest score (7-8); detected no differences among experimental tortillas including C and WBF tortillas (5-7) or among C and LC/LF/HF tortillas for most parameters.
Effect of consumption of tortillas containing ≥1 g of dietary fiber/
serving. Results for this interaction (Fig. 6) showed that overall panelists in the group consuming tortillas with ≥1 g of dietary fiber/serving (16%) scored all experimental tortillas the same; found no differences among C and one of the commercial products; and also detected no differences among the two commercial products for flavor, texture, and overall acceptability. At the same time, panelists in the group not consuming tortillas with ≥1 g of dietary fiber/serving (7%) scored most or all experimental tortillas the same as the commercial products for the same parameters noted above. The third group that was not aware of the content of ≥1 g dietary fiber/serving (77%) scored all WBF tortillas the same, and found no differences among the commercial products when rating flavor, texture, and overall acceptability.
Effect of consumption of low-fat tortillas. These results (Fig. 7) show that for all five parameters tested, the group that confirmed making an effort to eat low-fat tortillas (24%) found no differences among all experimental tortillas (6.1); rated C and LF/LC/ HF tortillas similarly (6.5); and reported the highest score for the HM tortilla (8.2). The groups who reported not making an effort to consume low-fat tortillas (48%) and who reported not knowing about the low-fat tortillas (28%) showed similar results as the group who made an effort to eat low-fat tortillas.
Multivariate Analysis
Bivariate analysis. The data collected in this experiment was, by its nature, multidimensional in structure, and to fully understand the data, further analyses were necessary. Toward this end, relationships between all survey and sensory data were investigated using linear regression analysis. The survey variables did not exhibit discernable relationships, either with other survey variables, or with any of the sensory variables based on linear regression analysis. The sensory variables alone, on the other hand, did indicate the possibility of linear relationships (Table IV , Fig. 8 ) between each other. There was scatter in the data though, and the highest coefficient of determination (0.51) was for color as a function of appearance (Table IV, #2 ). These results indicated the need to examine other techniques to more fully investigate possible variable relationships.
Multiple polynomial regression showed a relationship between overall acceptability as a function of flavor and texture (R 2 = 0.61) (Table IV, #12) As indicated in Fig. 9 , a linear response surface fit the data well, even though there was considerable scatter in the data. This relationship indicates the strong possibility to predict the overall acceptability of the tortilla products once the flavor and texture scores have been established.
Principal components analysis. To further investigate the relationships and interactions between the survey and sensory data, a principal component analysis (PCA) was conducted using all the variables in the study. This type of analysis is typically used to reduce the dimensionality of multivariate data by summarizing the observed variance and projecting it onto a set of uncorrelated, orthogonal linear combinations (eigenvectors) based on the original variables that have the form y PC = a 1 X 1 + a 2 X 2 + . . . + a z X z where y PC . is a principal component value or score; a 1 through a Z are principal component coefficients (eigenvectors), and X 1 through X Z are the original property variables in vector form (Marascuilo and Levin 1983; Everitt and Dunn 1991) .
A loading plot of the resulting principal component eigenvalues (Fig. 10A) visually indicates that the sensory data were approximately twice as influential in terms of summarizing data compared with either brand or the survey data, as noted by the distance of each from the convergence point. A "scree" plot of the error explained through the use of these principal components (Fig. 10B) indicates that three components may be sufficient in summarizing the data in multidimensional space. Examining the error explained by each principal component (Table V) , however, reveals that three components only accounted for 52.2% of all of the variance in the data, which is not sufficient to encapsulate the data. To account for a cumulative error of 80%, seven principal components are necessary; but to achieve a 90% data summary, nine principal components are required, which is only a reduction of three dimensions (from the original 13). Thus it appears that PCA does not provide a convenient and comprehensive summary of the information contained in all the original variables in the study and cannot provide an adequate dimensionality reduction. Even so, there was still some value to the PCA. Although the interpretation of principal components is very subjective in nature, it appears that the first principal component may be an indication of sensory properties (as indicated by the eigenvector coefficients, the greatest of which had absolute values >0.41), while the second principal component might be an indication of nutritional characteristics (the largest eigenvector coefficients had absolute values >0.44), and the third principal component may be an indication of age and ethnicity (the eigenvectors had absolute values >0.50). Additionally, a benefit to using PCA to summarize multivariate data is the ability to identify curvature, outliers, and clustering through examination of low-dimensional scatterplots of the calculated principal component scores. Using this approach, very little was found. But it does appear that some delineation between the first two PC can be achieved according to fiber level (Fig. 10C) , which lends support to the supposition that the second PC may be an indication of tortilla nutrient content or it may, in fact, be an indication of a consumer's approach to daily food choices.
Partial least squares regression. To further explore the multidimensional nature of the data set, PLS regression was pursued to determine whether overall acceptability could be predicted as a function of all of the other sensory and survey data. PLS is a regression technique that relates a set of predictors to response variables. PLS reduces the predictor variables to a set of uncorrelated linear components based on the covariance between predictors and the response variable, then performs least squares regression on these components (Esbensen 2004) . As shown in the loading plot (Fig. 11A) , all of the sensory variables had a high influence on the value of overall acceptability. Additionally, most of the survey variables appeared to be influential, especially gender, brand, and dietary fiber. Ethnicity and frequency, however, appeared to have very small influence on overall acceptability. Even so, flavor and texture were still the most influential of all of the variables in the study. A model selection plot (Fig. 11B) indicates that a PLS model with three components should adequately predict overall acceptability with a cross-validated model R 2 = 0.655 (with a predicted R 2 = 0.636). Parameter estimates for the linear combinations are given in Table VI . It appears that PLS does perform much better at reducing the dimensionality of the multivariate data set in this study than PCA. Additionally, all 12 variables are included in this model, which thus more fully captures the information provided in the data.
Even so, considering all of the multivariate data together, it appears that the polynomial regression results relating flavor and texture to overall acceptability may be almost equivalent to the PLS results; the coefficient of determination was only slightly lower (R 2 = 0.610 vs. 0.655), and was much less computationally intensive to determine.
Implications of the Study
The approaches used in this study are appropriate for all types of product development endeavors. Combining sensory information with demographic and behavioral data provides a more complete picture of the background and potential perceptions that may influence a given product's acceptability. Examining the collected data with both a univariate as well as a multivariate approach allows the entire data set to be examined for trends but also allows specific relationships to be discerned.
Interestingly, in this study, when examining all of the data simultaneously, flavor and texture were the overriding factors that affected the overall acceptability, which has also been reported elsewhere. For other food products, however, acceptability may be affected by other sensory as well as demographic and behavioral factors, and thus need to be quantified and analyzed. Other issues that may come into play also include why a given person makes certain food choices and the level of their knowledge concerning what constitutes a healthier choice.
CONCLUSIONS
Potential market segments for these functional tortillas are older consumers (41+), women, Hispanics and Asians, and frequent consumers. Additional formulation experiments should include descriptive analysis followed by consumer acceptance studies with a large group including the market niches identified from this investigation study. The effect of providing product information before conducting sensory trials should be evaluated as well. Fig. 11 . Partial least squares regression using all multivariate data as predictor variables for overall acceptability. A, Loading plot indicates sensory data is somewhat more influential than survey data. B, Model selection plot indicates that a three-component model will optimally predict overall acceptability (R 2 = 0.655; F = 325.3; P < 0.0001) for this data set. The tortillas made with whole barley flour developed for this experiment contained 3.3 g of total fat/RACC. Reformulating the tortillas to ≤3 g fat/RACC would provide an opportunity to utilize the FDA-approved health claim relating to soluble fiber from oats, barley, or psyllium, and reduced risk of heart disease (21 CFR 101.81).
The consistently higher score given to the commercial handmade flour tortilla (HM) also suggests a careful reformulation of the WBF tortillas to match them more closely to the HM tortilla without sacrificing the health benefits. This approach could improve acceptance among consumers who may not have a high awareness of the effect of fiber and low-fat content in their diet. The main differences among the two products are whole grain content and fat type.
Responses given to nutrition-related questions seem to indicate that the majority of the consumers involved in the study, although apparently aware of the importance of boosting daily consumption of fiber in the diet (57%), did not make an effort when it came to consuming tortillas containing ≥1 g of fiber/serving.
It appears that a response surface relating flavor and texture to overall acceptability produces similar results to the multivariate PLS results in terms of predicting overall acceptability. This methodology is much simpler in terms of analysis as well as interpretation, as flavor and texture are two of the primary parameters that consumers use when considering which foods to purchase and consume.
